Introduction
Free space optical (FSO) communication is a technique of using laser beam as an information carrier, to realize point-to-point or point to multi-points transmission. Its advantages such as large capacity, good security, strong anti-interference ability, no frequency applications permission, make FSO become a flexible system for broadband access. Therefore, FSO has been widely concerned in the fixed wireless broadband access technology [1] - [3] . However, the FSO channel is a complex channel, which is influenced by atmospheric absorption, scattering and turbulence. In broadband wireless access systems, orthogonal frequency division multiplexing (OFDM) modulation technology can overcome some negative effects, and it will be the best choice for the next generation of wireless access system [4] - [6] . Moreover, the generated optical signals can be transmitted successfully in the atmosphere channel [7] . The high order modulation can make full use of the bandwidth of the channel and improve the anti-noise ability in FSO systems [8] [9] . Therefore, we design a FSO communication system based on 16-ary phase shift keying orthogonal frequency division multiplexing (16PSK-OFDM).The simulation experiment is carried out, and the influence of different weather conditions to FSO systems is analyzed, and the obtained results prove FSO is a potential broadband access choice in future [10] .
16PSK-OFDM-FSO Communication System
As is shown in Figure 1 , the 16PSK-OFDM-FSO communication system can be divided into transmitter and receiver. Transmitter is mainly composed of OFDM modulation module, electric/optical conversion module and FSO channel. Receiver is mainly composed of OFDM demodulation module and optical/electric conversion module. The main function of OFDM modulation module is to transforms data bits into OFDM symbols, which produce the base band time series signals. The main function of the electric/optical conversion module is transforms the OFDM linearly energy spectrum from the radio frequency domain to the optical domain, which is suitable for the transmission in free space. OFDM signals through the FSO channel arrive at receiver end. After signals passed through the Gauss filter, the demodulation process is carried out at the opposite of the transmitter end, thereby the original transmission signals are restored.
The electric/optical conversion module is shown in Figure 2 The amplification of the optical signals are realized by a strong local oscillator, the signal to noise ratio of the system is improved, the sensitivity of receiver is improved, and the link distance is increased effectively. The specific parameters of the devices shown in Figure 2 are as follows: The frequency of continuous wave laser is 193.1 THz, the line width is 0.1 MHz, the coupling power is 5 dBm, the extinction ratio of MZM is 60 dB, the sensitivity of PIN photoelectric detector is 1A/W, and the dark current is 10 nA.
FSO-OFDM is a point to point laser communication system, when the laser passes through the atmospheric channel, it will be subject to the interference of the dust, smoke, fog, water and other solid, liquid and gas suspended particles in the channel. The scattering effect of the atmosphere on the laser signals is related to the number and size of the particles, the number of particles increases, and the scattering attenuation is more serious. With the weather changes of cloud, rain, snow and fog, the scattering attenuation caused by the particles in the atmosphere is also different. In different weather conditions, the amplitude and phase noise of the signals are brought to a different extent. This will affect the communication quality, shorten the communication distance, and even lead to the communication interrupt. In the sunny, cloudy, rain, snow, and fog weather conditions, attenuation values are shown in Table 1 .
The FSO channel module is composed of a transmitting telescope, free space and a receiving telescope. The attenuation of laser power is mainly determined by three main parameters: atmospheric attenuation, geometric loss, transmission distance between transmitting and receiving telescope. The relationship between the received power and the transmit power can be expressed as: The user can also set the corresponding parameters according to the transmission loss and the receiving loss of the transmitting telescope and the receiving telescope. If the intensity flicker parameter is enabled, the Gama-Gama distribution is used to simulate the atmospheric attenuation. In this case, the probability I of a given strength is:
Formula: And represent the variance of large and small turbulence respectively, () Γ is the Gama-Gama distribution function, and K () 
Simulation Results Analysis
A long-term outdoor experiment based on 16PSK-OFDM-FSO system is carried out, five kinds of typical weather data are selected from the experimental data in a large number of different weather conditions, and the optical spectral diagrams, constellation diagrams, and BER of the received signals are compared and analyzed. Atmospheric channel is a kind of time varying channel with memory, and atmospheric scattering has a great influence on the constellation diagram of the modulated signals, and it is difficult to detect the phase ambiguity, offset and Doppler shift. The influence of different weather on the optical signals transmission are not the same, the spectrum of the signals in the receiver is shown as the power down, the image is lost and deformed. In the constellation diagram, the vector point dispersion, rotation, deformation and so on. The above Figure 3 and Figure 4 are 100 meters, 500 meters after the atmospheric channel transmission of 16PSK optical signals under different weather conditions. It can be seen that the signals are different from the degree of attenuation under different weather conditions. Even in the same weather conditions, the transmission distance will greatly affect the reception power of the signals.
As is shown in Figure 5 , the effect of sunny days on the transmission quality is minimal. Cloudy, rain, snow, fog, impact on the transmission quality increased. When the weather is sunny, the FSO channel is more stable, BER curves the constellation points in the 2 dimensional space is basically evenly distributed into 16 concentrated regions, the constellation points without aliasing, and the distribution is more concentrated. Light signals are mainly affected by the scattering of suspended particles in the atmosphere, absorption of molecules, and the effect of atmospheric turbulence, but less affected by the atmospheric attenuation. The scattering effect of the atmosphere is related to the number and size of the particles, the more particles, the more serious of scattering, the greater of the attenuation it is. The density of fog and rain is larger in rainy days, part energy of the light beam is scattered in all directions. This forms the scattering effect. So the effect of light rain on amplitude and phase information of optical signals is less than moderate rain. As is shown in Figure 5 (b) and Figure 5(c) .Constellation diagrams of the received signals are shown in Figure 5(e) , distribution of vector points in the constellation diagram is scattered, the constellation diagram is presented as a fuzzy ring, and we cannot distinguish the phase information. So the effect of fog on optical signals is extremely serious. Signals BER is the largest in the fog, reaching 10 
Conclusion
An effective implementation scheme of 10-Gb/s16PSK-OFDM-FSOsystem is proposed and analyzed. A short range communication link simulation is carried out under different weather conditions. The optical spectral diagrams, the constellation diagrams, and the BER performance of the received signals are measured at the receiver. With weather conditions change from cloudy, rain to fog, the receiver sensitivity is degraded. In the fog day, the divergence degree of constellation is seriously and the phase information is fuzzy. The simulation results show, the 16PSK-OFDM-FSO system has good transceiver performance and feasibility for user's access. Hence, FSO system application is a good solution scheme for long distance, large capacity and flexible access.
